Abstract This paper presents analysis and optimization of a liquamatic fire water monitor with a novel self-swinging mechanism. The design of the self-swinging mechanism has adopted a four-bar linkage driven by an impeller. The Fluent software was used to simulate the internal flow performance of the fire water monitor. In particular, the effects of the cross-sectional shape, diameters of the monitor body, inlet water pressure, and drive set of the self-swinging mechanism on the jet characteristics were analyzed. These analyses have led to optimal structural parameters of the flow channel. A prototype of the fire ware monitor was manufactured, and the field test was performed. Both simulation analyses and experimental results are expected to provide useful good guidance for the design of other types of fire water monitor.
Introduction
Fire accidents increased dramatically in recent years with the development of the economy and the change of human activities. Fires not only bring serious losses, but also result in tremendous influences to the society. Thus, a variety of technologies were developed to prevent and control fires [5, 19, 22, 26] . Amongst, fire water monitor has become an important and effective firefighting equipment because of its large flow and long range. It also has the characteristics of implementation of long-range fire in the security region out of the fire radiant heat, explosion hazard, and toxic smoke situations [16] [17] [18] .
In order to improve the fire extinguish efficiency to adapt to firefighting requirements in different situations, the key technology researches into fire water monitor mainly focus on two aspects. The first is intelligent control study that replaced the manual control with automatic control, which is mainly concentrating on the control algorithm and the fire extinguishing mechanism. For example, RosePehrsson et al. [14] used a four-sensor array and a probabilistic neural network to produce an early warning fire detection system, and the current alarm algorithm resulted in better overall performance than the commercial smoke detectors. Chen et al. [1] developed an automatic fire searching and suppression system with remote-controlled fire monitors for large space, and the fire searching methods was realized based on computer vision theory via one charge-coupled device camera fixed at the end of a fire monitor chamber. Jun et al. [11] investigated smoldering cotton wick and flaming diesel oil smoke plumes in thermally stratified environments in a small-scale enclosure by experimental measurements and computational fluid dynamics (CFD) simulations, and a new smoke detection method of light-section image detection was suggested to overcome the shortcomings of conventional beam-type smoke sensors and detect the early fire effectively.
The second is research on internal and external jet characteristics of fire water monitor for enhancing the jet intensity and putting out the fire quickly. Generally, the external jet mainly discusses the jet water movement in the atmosphere, in which the hypotheses include: (a) the water flows out from a uniform long pipe; (b) the whirlpool flow and transverse second flow in the pipe are eliminated; and (c) the outlet velocity is in an ideal state. The internal jet research was focused on enhancing the energy converting efficiency and obtaining high speed and uniform outlet velocity under the conditions of removing the non-uniform of the flow channel of the fire water monitor, which is an objective of this work.
There are many jet applications in the industries. For example, the spray nozzle of the Pelton turbine transforms potential energy into kinetic energy, and the high-speed jet pounds the bucket with one or a number of jet waters, which can drive the runner rotating to gain driving force, and the water head is above 80 m in general. Santolin et al.
[15] numerically investigated the interaction between the jet and the bucket in Pelton turbine using a two-phase inhomogeneous model. Perrig et al.
[13] did a numerical simulation and experimental study on the free surface flow in a Pelton turbine model bucket based on the two-phase homogeneous model. Zhang [23] [24] [25] expounded free surface jet from water injector and the interaction between the jet and the rotating bucket of Pelton wheel in detail. In the foundry industry, the molding sands were cleaned by the jet force of the high-pressure water jet system [4] , and these techniques were also applied in the hydraulic mining and hydraulic cutting [2, 12, 21] . The jet energy was used in the high-pressure water jet system, but this energy will be dispersed out of a certain range; in other words, the jet range is very short from some millimeters to about 10 m in this system, and the flow rates is below 10 L/s. This is the essential difference between the high-pressure water jet and the fire water monitor jet, but it can provide some guidance for the research of jet characteristics of the fire water monitor. The water jet was also used in the sprinkler irrigation system in the agriculture [3, 20] . This jet has some similarities with the jet of fire water monitor, that is, both of them have a requirement of jet range. However, agriculture sprinklings are more emphasizing the sprinkler irrigation uniformity and the water droplet diameter; the jet range is not the only indexes. So, the spray jet of the irrigator is a dispersed spray compared with the jet of the fire water monitor.
Hu et al. [6] [7] [8] designed a fixed fire water monitor, the influence of the flow structure affecting the internal flow's turbulence and outlet velocity was obtained by simulation and experiment. At the same time, the spray jet and direct jet nozzle used for this fixed fire water monitor was also designed. Flow simulation of the nozzle was completed using fluent kits. Hu et al. [9, 10] also designed a liquamatic fire water monitor with valve-controlled cylinder system. The back and forth movement of the monitor head is controlled by the valve-controlled cylinder system. The hydraulic performance simulation of the liquamatic fire water monitor was completed in the Fluent kits; the simulation results show that the outlet velocity is feasible. The modeling and simulation analysis were carried out for the valve-controlled cylinder system using AMESim software, the simulation results indicate that this system can self-swing in a particular frequency, and the selfswinging frequency is increasing with the inlet water pressure increasing.
The aim of this work is to design a new liquamatic fire water monitor by systematically investigating the relation- 
